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Autonomic blockade and the Valsalva maneuver in patients on
maintenance hemodialysis: A hemodynamic study. Hemodynamic
studies were performed at two levels of dietary sodium intake (10
mmoles/day and 100 mmoles/day for 14 days) in a group of
patients (with retained kidneys) on chronic hemodialysis. Plasma
renin activity and aldosterone, plasma, and extracellular fluid
(ECF) volumes were measured while the patients were at rest.
Cardiac output, mean intraarterial pressure, and the calculated
total peripheral resistance index were recorded while the patients
were at rest and during acute "total" autonomic blockade. On the
sodium diet of 10 mmoles/day, normotensive and hypertensive
patients had similarly low total blood volumes, low-normal ECF
volumes, and similar levels of plasma renin and aldosterone, The
resting cardiac output was increased in both groups, but the total
peripheral resistance was increased only in the patients with hyper-
tension, in whom peripheral resistance was inappropriately high
for the degree of anemia. Six hypertensive patients were studied on
both diets. The resting mean arterial pressure was greater on the
sodium diet of 100 mmoles/day than on the 10 mmoles/day diet,
accompanied by increases in plasma volume, extracellular fluid
volume, and cardiac output, but no change in peripheral resist-
ance. During autonomic blockade on either diet, there was a
marked fall in blood pressure in the patients with hypertension.
This was mainly due to a fall in peripheral resistance which reached
levels similar to those seen in the normotensive patients whose
resistance was unaltered by blockade. Autonomic factors appear to
contribute to the elevated peripheral resistance of hypertensive
dialysis patients. In these patients, the effect of a high sodium diet,
at least over the time-scale studied here, is to increase blood
pressure and cardiac output, without the change in peripheral
resistance expected from autoregulation.
Blocage du système nerveux autonome et manoeuvre de Valsalva
chez des malades en hèmodialyse iterative: Etude hémodynamique
Des etudes hémodynamiques ont été réalisées a deux niveaux
d'apport alimentaire de sodium (10 mmoles/jour et 100
mmoles/jour) dans un groupe de malades possédant leurs reins
soumis a l'hémodiayse iterative. L'activ,té refine et l'aldostérone
plasmatiques, le volume plasmatique et Ic volume des liquides
extracellulaires ont été mesurés au repos. Le debit cardiaque, Ia
pression artCrielle moyenne et Ia résistance périphCrique totale
calculée ont été obtenus au repos et pendant le blocage "total" aigu
du système nerveux autonome, Au cours de l'ingestion du régime a
10 mmoles/jour de sodium les malades a pression artérielle nor-
male ou a pression artérielle élevée ont de façon semblable des
volumes sanguins totaux bas, des volumes extra-cellulaires bas ou
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normaux et des valeurs voisines d'activitC rénine et d'aldostCrone
plasmatiques. Le debit cardiaque au repos est augmenté dans les
deux groupes mais Ia résistance pCriphCrique totale n'est augmen-
tee que dans Ic groupe atteint d'hypertension, dans lequel Ia résis-
tance périphérique est plus grande que ne Ic voudrait Ic degrC
d'anémie. Six malades atteints d'hypertension ont été étudiés au
cours de l'ingestion des deux regimes. La pression artérielle au
repos est plus élevée avec 100 mmoles de sodium qu'avec 10, en
mCme temps que soft augmentés Ic volume plasmatique, Ic volume
extra-cellulaire et Ic debit cardiaque, mais sans changement des
resistances périphériques. Au coors du blocage du système auto-
nome, et quel que soit le régime, une baisse de pression artCrielle
importante est observée dans Ic groupe avec hypertension. Cela est
d essentiellement a une chute de Ia résistance periphérique qui
atteint des valeurs semblables a celles observées chez les malades
exempts d'hypertension, dont Ia résistance périphCrique n'est pas
modifiée par Ic blocage. Les facteurs autonomes paraissent con-
tribuer a I'augmentation de Ia résistance périphérique des malades
dialyses atteints d'hypertension. Chez ces malades l'elTet d'une
alimentation riche en sodium est, au moms dans l'intervalle de
temps étudié ici, l'augmentation de Ia pression artérielle et du debit
cardiaque sans Ia modification de Ia résistance periphérique que
l'on pourrait attendre de l'autorégulation.
Hypertension is common in patients with chronic
renal failure who are on maintenance hemodialysis
[1—5]. Cardiac output is elevated to a similar degree
in both hypertensive and normotensive patients as a
result of chronic anemia, [5—9] and the difference in
blood pressure appears to be due to a difference in
peripheral resistance [5—8]. Expansion of the extra-
cellular fluid (ECF) volume appears to be an impor-
tant contributing factor in the chronic elevation of
arterial pressure in some dialysis patients [3, 10, 11],
although the mechanism is not clear. The role of the
renin-angiotensin system in this form of hypertension
has been frequently examined [4], and the recent
availability of the competitive inhibitor of angioten-
sin II, sar-l-ala-8-angiotensin II, may help to define
the relative importance of angiotensin and volume
factors [12]. More recently, raised concentrations of
plasma catecholamines [13] and dopamine--
hydroxylase [14] in dialysis patients have been re-
ported, suggesting increased activity of the sympa-
thetic nervous system.
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The purpose of this study was to investigate the
importance of the autonomic nervous system in the
maintenance of hypertension in dialysis patients, un-
der conditions of high and low sodium intake.
Methods
Twenty patients (12 female, 8 male), aged 23 to 56
yr, established on chronic hemodialysis for a min-
imum of six weeks (six weeks to 42 months) gave
written, informed consent for a detailed hemo-
dynamic study that was approved by the Ethics Com-
mittee of the Royal Prince Alfred Hospital. All pa-
tients were established on center dialysis for 12 to 18
hr of treatment per week (Travenol® Twin-coil and
Dow-Cordis® capillary dialyzers). They were well at
the time of the study, with no evidence of congestive
cardiac failure, pericardial effusion, malignant hyper-
tension, or clinical evidence of peripheral or auto-
nomic neuropathy; none had undergone renal trans-
plantation. Clinical details are given in Table 1. In all
patients designated as hypertensive, their arterial
pressure was persistently elevated, uncontrolled by
dialysis ultrafiltration, and all had required anti-
hypertensive drugs, which were discontinued at least
one week prior to each study. Blood pressure in the
remainder of the patients was normal at the time of
the study, and it had been elevated previously only in
association with obvious fluid overload.
Sixteen patients with retained diseased kidneys (11
hypertensive, 5 normotensive) were studied after 10
to 14 days of having been on a diet containing 10
mmoles of sodium per day. During this period, dialy-
zer-priming and volume replacement during dialysis
were carried out with 5% dextrose in water, and
the dialysate sodium concentration (135 to 138
mmoles/liter) was not altered. Six of the 11 hyperten-
sive patients were restudied after 10 to 14 days of
having been on a 100-mmole-sodiuni diet, during
which time normal saline was used (luring dialysis
treatments, while dialysate sodium concentration was
unchanged.
Four anephric patients were also investigated (one
on the low sodium, three on the high sodium diet) but
the results in these patients were only considered in
relation to the Valsalva maneuver (vide infra).
Protocol. After an overnight fast, 18 to 24 hr fol-
lowing a dialysis treatment, samples were collected
from resting, supine patients for hematocrit, plasma
electrolytes, plasma renin activity (PRA), renin sub-
strate, and plasma aldosterone estimations. Volume
measurements were performed, and patients were
then transferred to the cardiac catheter laboratory
for hemodynamic observations.
Volume measurements. Plasma volume and extra-
cellular fluid volume (ECFV) were measured using
1251-albumin and 35S-sulphate [15], respectively. Total
blood volume was derived from the plasma volume
and peripheral hematocrit (Coulter Model S auto-
matic cell counter) using a correction factor of 0.915
for total body hematocrit, derived from a preliminary
study in dialysis patients (unpublished observations).
Plasma volume and total blood volume measure-
Table 1. Clinical details of patients at the time of hemodynamic study
Patient no. Sex Age Diagnosis
Hemodialysis
treatment
weeks
Duration of
hypertension
months
I F 29 CPN, Reflux 29 —
2 F 40 CPN,AN 6 —
3 F 53 Polycystic disease 10 —
4 M 31 CON, Reflux 17 —
5 M 29 CGN 26 —
6b F 43 CPN,AN 8 121
7b F 23 Henoch-Schönlein purpura II 48
8 F 53 Hypertensive nephrosclerosis 22 108
9 F 50 CGN 13 13
10 F 46 CGN 11 8
11 F 38 CPN,AN 53 180
12 F 29 CGN 30 120
13 M 38 Hypertensive nephrosclerosis 7 78
14 M 56 CON 42 tO
15 M 47 CON II II
16 M 56 Hypertensive nephrosclerosis 171 432
17 F 30 Anephric 92 —
18 F 44 Anephric 206 168
19 M 31 Anephric 42 60
20 M 47 Anephric 132 36
a Abbreviations used are CPN, chronic pyelonephritis; CON, chronic glomerulonephritis; AN, analgesic nephropathy.
b Patient subsequently had bilateral nephrectomy for control of blood pressure.
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ments were related to body surface area and ex-
pressed as a percentage of normal to account for sex
differences [161. Normal values for males (N = 33)
and females (N = 10) are given in Table 2.
Renin and aldosterone measurements. Plasma renin
activity was measured by radioimmunoassay by a
modification of the method of Haber et al [17], and
plasma renin substrate concentration using human
renin was obtained by the technique of Sen eta! [18].
Plasma renin activity and renin substrate concentra-
tion were measured simultaneously in a single assay.
Plasma aldosterone levels were obtained by radio-
immunoassay, using the method of Underwood and
William [19].
Hemodynamic measurements. Thermodilution car-
diac output, intraarterial and right atrial pressure
measurements were recorded, using the techniques
previously described [20]. Heart rate and heart period
were determined electronically from the phasic arte-
rial pressure. Mean arterial pressure, mean right
atrial pressure, and heart rate were displayed contin-
uously on a digital display unit (Sanborn 560lA).
Pressure tracings and heart period were recorded
continuously on an eight-channel recorder (Gould
Brush).
Hemodynamic measurements were performed dur-
ing five periods of observation: 1) first resting period,
2) Valsalva period, 3) second resting period, 4) during
autonomic blockade, and 5) following acute volume
expansion with continued blockade. During each
resting period and during periods 4 and 5, five sets of
measurements were made, each consisting of cardiac
output, heart rate, arterial and right atrial pressures.
The total peripheral resistance index (TPRI) was cal-
culated from the formula (mean arterial pressure —
right atrial pressure)/cardiac index. Measurements
for the first resting period were obtained 30 to 40 mm
following cardiac catheterization, and for the second
resting period, following recovery from the series of
Valsalva maneuvers. Mean resting values were de-
rived as the average measurements for these two peri-
ods of observation.
Graded Valsalva maneuvers of 5, 10, 20, and 30
mm of expiratory pressure were recorded by asking
each patient to blow a column of colored water to
levels previously graduated against a mercury ma-
nometer. A small air leak via a three-way tap in the
tubing was maintained during the Valsalva maneuver
as a check on sustained expiratory effort. A thermo-
dilution cardiac output curve was obtained 15 sec
after starting each Valsalva maneuver, and each set of
measurements obtained was compared with the mean
of two immediately preceding sets of baseline mea-
surements.
"Total" autonomic blockade (TAB) was achieved
using a combination of four drugs administered i.v.:
atropine, propranolol, guanethidine, and phentol-
amine. Initially, a bolus of 5 or 10 mg of phentola-
mine was administered two to three minutes prior to
administering guanethidine, which was given as a
constant infusion over a 20-mm period (1 mg/kg of
body wt, diluted in 20 ml of 5% dextrose in water).
Following the guanethidine infusion, atropine (0.04
mg/kg) and propranolol (0.2 mg/kg) were given as
slow bolus injections to produce cardiac autonomic
blockade [20]. Finally, phentolamine (1 mg/mI in 5%
Table 2. Normal values vs. values for normotensive and hypertensive dialysis patients
Plasma Total blood Extracellular
Peripheral volume volume fluid Plasma Plasma Plasma
hematocrit liters/rn2 liters/rn' volume Plasma renin aldosterone sodium potassium
% (% normal) (% normal) liters/rn' ng . m1 13 hr' ng.100 m1' rnmoles mmolesliter' liter'
Normal control subjects
Male(N = 13) 44.1 3.0 1.80 0.05
(100)
2.98 + 0.05 6.50 + 0.16
(100)
— — — —
Female (N 10) 39.5 3.1 1.53 0.04
(100)
2.48 0.08 6.34 + 0.16
(100)
— — — —
l0-mmole-sodium 20.5 1.9 1.98 0.08
Norrnotensive dialysis patients
2.48 0.12 5.52 0.49 9.6 + 2.1 54.6 16.7 136 + 3 4.8 0.6
diet(N=5) (120±4) (93±3)
lO-mmole-sodium 21.1 1.8 1.90 0.08
Hypertensive dialysis patients
2.38 0.08 5.92 0.20 19.0 9.1 57.1 16.1 135 I 5.0 0.3
diet (N = II) (117 + 6) (90 3)
F(hypertensivevs. NS NS NS NS NS NS NS NS
normotensive)
All values are expressed as mean SEM.
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dextrose in water) was given and continued at a rate
sufficient to cause a-receptor blockade, which was
considered to be present when an i.v. bolus of 5g of
noradrenaline produced a rise in mean arterial pres-
sure of less than 10 mm Hg. This regimen had been
previously validated in six patients with essential hy-
pertension (unpublished observations).
To restore arterial pressure during autonomic
blockade, acute volume expansion was carried out
using 5% albumin in saline solution, chosen as an
isoncotic solution and adjusted (with 3% sodium
chloride) to an osmolality of 300 mOsm/liter, to
achieve a similar osmolality to the plasma of patients
with chronic renal failure in the postdialysis period.
The solution was warmed prior to administration,
and sufficient fluid was given to restore the mean
blood pressure to the level recorded before auto-
nomic blockade or until a right atrial pressure of 10
mm Hg was recorded.
Resting hemodynamic measurements were made in
all patients, but because of the complex nature of the
study, and for ethical considerations, not all patients
completed each of the subsequent phases. Of the 16
patients with retained diseased kidneys who were
studied while on the low salt diet, 11 (seven hyperten-
sive, four normotensive) were also studied under con-
ditions of autonomic blockade. All six patients with
hypertension who were studied at both levels of so-
dium intake had measurements performed during
autonomic blockade.
Valsalva studies were made in 13 patients: seven
patients (one anephric) who were on the low salt diet
alone, three anephric patients who were on the high
salt diet alone, and three non-nephrectomized pa-
tients who were at both levels of sodium intake.
Statistical methods. The mean values of the hemo-
dynamic data were calculated for each set of mea-
surements during periods 1, 3, 4, and 5. Resting val-
ues were calculated from the average of the two sets
of measurements (periods I and 3). During the Val-
salva maneuver, each value for heart rate, mean arte-
rial pressure, pulse pressure, cardiac index, and total
peripheral resistance index was expressed as a per-
centage of the mean of the two control values.
The Wilcoxon rank test was used to test unpaired
data; the paired t test was used for all paired data
[21]. The index of dispersion given for all data is one
standard error.
Results
Volume, renin, and aldosterone measurements.
Compared to the values obtained in the 23 normal
control subjects, in both normotensive (N = 5) and
hypertensive (N = 11) patients after sodium deple-
tion, blood volumes (total blood volume: 93 3%, 90
3% of normal) and ECF volumes (ECFV: 5.52
0.49, 5.92 0.20 liters/rn2) were both low, and the
values for the hypertensive patients did not differ
significantly from those for the normotensive patients
(Table 2).
After sodium depletion, there was no significant
difference in the supine plasma renin activity (PRA)
and plasma aldosterone concentrations between hy-
pertensive and normotensive dialysis patients (Wil-
coxan rank test, P > 0.1), but mean values were
higher in the hypertensive group due to two patients
(patient no. 6 and 7) who had high levels of PRA (>
80 ng mi-1 3 hr') and aldosterone (170 and 100
ng/lOO ml).
Body weight, plasma volume, total blood volume
(TBV), and ECFV measurements were all signifi-
cantly higher after sodium-loading in the six patients
with hypertension, in whom studies were made on
both diets, but PRA, renin substrate, and plasma
aldosterone concentrations were not altered (Table
3).
Hemodynamic measurements: Resting values. On
the low sodium diet, the resting cardiac index was
similar in hypertensive and normotensive patients.
The difference in blood pressure in these two groups
was due to a significant difference in total peripheral
resistance index (TPRI) 28,4 2.4 vs. 20.5 1.9 U,
P <0.05) (Table 4).
In the group of six hypertensive patients who were
studied on both levels of sodium intake, the mean
arterial pressure while on the lOO-mmole-sodium diet
was higher than on the 10-mmole-sodium diet (142
4 vs. 122 5 mm Hg, P < 0.025). This increase was
associated with a higher right atrial pressure (7.3
1.3 vs. 4.6 0.2 mm Hg, P < 0.05), increased heart
rate (94 + 6 vs. 80 4, beats/min', P < 0.05), and
cardiac index (5.1 0.5 vs. 4.2 0.3 liters/mm/rn2,
P < 0.05), but without a change in TPRL (28.1 3.6
vs. 29.7 4.0 U) (see Fig. I).
Total autonomic blockade. The hemodynamic ef-
fects of total autonomic blockade (TAB) with the two
different sodium intakes are shown in Table 5.
In the hypertensive dialysis patients, regardless of
sodium intake, TAB resulted in a marked fall in mean
arterial pressure, cardiac index, and TPRI. The
changes in TPRI during TAB on the lOO-mmole-
sodium diet (27.8 + 3.6 to 18.6 3.3 U, P < 0.001)
were similar to those seen during TAB on the 10-
mmole-sodium diet (30.7 3.4 to 19.8 2.7 U, P <
0.005).
The normotensive patients showed no change in
peripheral resistance in response to TAB (19.7 2.2
to 20.6 1.9 U, P > 0.1), the fall in mean arterial
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Table 3. Hypertensive dialysis patients (N = 6)
Total Plasma Plasma Plasma Plasma
Peripheral Plasma blood ECF renin Renin aldosterone sodium potassium
hematocrit Weight volume volume volume ng.m1' substrate ng.I0O mmoles mmoles
% kg liters liters liters 3 hr' ng.ml' ml' •liter' 'liter'
lO-mmole-sodium diet
Mean 21.1 55.8 2.99 3.72 9.31 5.9 1997 45.8 135 4.8
SEM 2.9 3.6 0.21 0.27 0.37 1.4 261 13.1 1.4 0.3
l00-mmole-sodium diet
Mean 19,2 57.1 3.54 4.29 11,06 6.6 2132 28.7 139 5.1
SEM + 2.5 3.8 0.18 0.19 0.39 2.4 380 9.9 1.5 0.8
P NS <0.05 <0.05 <0.05 <0.02 NS NS NS NS NS
pressure being entirely due to the fall in cardiac index Valsalva maneuvers. Ten patients, four normoten-
(4.6 0.4 to 3.5 0.4 liters/mm/rn2, P> 0.001). sive and six hypertensive (one anephric), were studied
In six patients (one normotensive, five hyperten- on the l0-mmole-sodium diet. The hemodynamic
sive), blood was taken for plasma renin activity and changes during the Valsalva maneuver were similar in
plasma aldosterone measurements before and 30 mm the normotensive and hypertensive patients, and the
after commencing TAB (four studies on each diet). results are considered together. Increasing expiratory
No difference was detected in plasma renin activity pressure resulted in a progressive rise in heart rate (to
during TAB when compared to preblockade levels 132 5% of the resting control rate at maximum
(8.1 1.3 vs. 8.4 1.5 ng.ml1.3 hr'). In con- Valsalva of 30mm Hg) and a progressive fall in pulse
trast, there was a marked rise in the level of plasma pressure (to 64 6% of control). There was a pro-
aldosterone in response to TAB (42.2 6.9 to gressive fall in cardiac output (to 62 3% of control),
107.9 + 20.9 ng. l00.m1', P > 0.01). but mean arterial pressure remained unchanged as a
Acute volume expansion with continued autonomic result of the reflex increase in total peripheral resist-
blockade. In Figure 2, the hemodynamic effects of ance (to 137 9% of control) (Fig. 3).
TAB and acute volume expansion with continued Six patients, two normotensive (one anephric) and
TAB are shown for four hypertensive patients who four hypertensive (two anephric), on the 100-mmole-
were studied on both diets. With acute volume expan- sodium diet were studied. Again, the changes in the
sion, the mean arterial pressure reached a similar anephric patients were similar to those in patients
level in both dietary groups, although it was not with kidneys and did not differ in normotensive and
possible to restore blood pressure to preblockade hypertensive patients. During graded Valsalva ma-
levels. The rise in blood pressure with volume expan- neuvers, changes in right atrial pressure, heart rate
sion was associated with a rise in cardiac index in and pulse pressure for these six patients were similar
each case, due entirely to an increase in stroke vol- to those seen in the group on the 10-mmole-sodium
ume index (SVI). diet. At the two higher levels of expiratory pressure
Hemodynamic changes during the Valsalva maneu- (20 mm Hg, 30 mm Hg), however, cardiac output did
ver. Thirteen patients completed a series of graded not fall to the same extent as in patients on the 10-
Table 4. Resting hemodynamic data in patients on chronic hemodialysis and on a low sodium diet (10 mmoles/day)
Mean arterial Right atrial Stroke volume
Heart rate pressure pressure Cardiac index index
beats mm ' mm Hg mm Hg liters' min' m2 ml miiv" m' TPRI, U
Normotensive patients (N = 5)
Mean 93 87 1.7 4.26 45.5 20.5
SEM+ 6 5 0.8 0.33 3.7 1.9
Hypertensive patients (N = II)
Mean 90 126 4,5 4.52 51.8 28.4
SEM± 5 4 0.7 0.28 2.9 2.4
P NS <0.001 <0.02 NS NS <0.02
TPRI = total peripheral resistance index.
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Fig. 1. Resting hemodynamic data in six hypertensive patients on
maintenance hemodialysis who were studied on two levels of dietary
sodium intake, 10 mmoles/day and 100 mmoles/day. MAP denotes
the mean arterial pressure; RAP, the right atrial pressure; TPR
index, the total peripheral resistance index.
mmole-sodium diet, and total peripheral resistance
did not increase over resting control values (Fig. 3).
Three patients (one normotensive, two hypertensive)
were studied on both diets, and the hemodynamic
changes during the Valsalva maneuvers differed on
the two sodium intakes in each patient and were the
same as those noted above.
Discussion
Previous hemodynamic studies in patients on
chronic hemodialysis have shown that cardiac output
is elevated to a similar degree in hypertensive and
normotensive patients and is related to the degree of
anemia [5—8]. In this study we have confirmed this in
patients who were studied on a low sodium diet, in
whom blood volume or ECF volume measurements
were very similar and low-normal (Table 2). In-
creased blood pressure in the hypertensive patients
was related to an increase in peripheral resistance
(Table 4), which was inappropriately high for the
degree of anemia.
In established essential hypertension, the elevation
in resting blood pressure is similarly due to a rise in
peripheral resistance. Using a combination of drugs
to achieve cardiac and peripheral adrenergic block-
ade, Korner et al [20] claimed that autonomic factors
accounted for only 20 to 40% of this increased periph-
eral resistance in essential hypertension and, more
recently, suggested that this may be an overestimate
[22]. There is some evidence that the autonomic ner-
vous system is significantly involved in the pathogen-
esis of experimental renal hypertension [23, 24], but a
role for the sympathetic nervous system in the
maintenance of hypertension in patients with chronic
renal failure has not been established.
In this study, using a similar drug regimen to that
reported by Korner et al [20], we have examined the
hemodynamic effects of acute autonomic blockade in
patients on chronic hemodialysis. During autonomic
blockade (TAB), peripheral resistance fell in hyper-
tensive patients, whether sodium-replete or sodium-
depleted, to levels seen in normotensive patients,
whose resistance was unaltered by TAB (Fig. 2 and
Table 5). Acute volume expansion was performed in
Table 5. Hemodynamic e11ects of total autonomic blockade in hemodialysis patients
Heart rate
beatsmin'
Mean arterial
pressure
mmHg
Right atrial
pressure Cardiac index
mmHg litersmin' m2
Stroke volume
index
mlmin' m2 TPRI, U
I0-mmole-sodium intake
Normotensive patients (N = 4)
Resting 84 7 89 6 3.1 0.8 4.57 0.38 55.0 + 4.6 19.7 2.2
TABb 82 + 7 72 5 2.3 0.9 3.49 0.37 43.4 5.2 20.6 1.9
P NS <0.05 NS <0.01 NS NS
Hypertensive patients (N = 7)
Resting 87 5 124 5 5.2 + 0.8 4.21 0.29 48.9 + 3.9 30.7 + 3.4
TABb 90 5 63 8 2.9 + 0.9 3.34 + 0.40 37.9 5.3 19.8 2.7
P NS <0.001 <0.1 <0.05 NS <0.005
100-mmole-sodium intake
Hypertensive patients (N = 6)
Resting 94 6 138 6 6.2 + 1.2 5.05 + 0,53 54.4 4.8 27.8 + 3.6
TABb 85 4 75 + 3 4.5 0.7 4.14 + 0.48 49.6 6.8 18.6 + 3.3
P NS <0.001 NS <0.01 NS <0.001
TPRI total peripheral resistance index.
b TAB = total autonomic blockade.
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an attempt to restore arterial pressure to resting levels
and thus obtain a closer estimate of the resting auto-
nomic and non-autonomic components of peripheral
vascular resistance [24]. In hypertensive patients,
however, it was not possible to restore mean blood
pressure to preblockade levels, because of the fall in
resistance which occurred with acute volume expan-
sion (Fig. 3). This fall in resistance could not be
explained on the basis of hyperosmolality or vasoactive
properties of the infusate, but may have resulted
from acute changes in hematocrit [25]. Nevertheless,
the similar levels of total peripheral resistance
achieved in normotensive and hypertensive subjects
after blockade suggest that there is good evidence for
an autonomic component affecting resistance in hy-
pertensive dialysis patients. Furthermore, this fall in
peripheral resistance in hypertensive patients during
TAB did not appear to be mediated by any change in
plasma renin activity. Of interest is the rise in plasma
aldosterone observed during TAB. This was not fur-
ther investigated but may have been due to adreno-
corticotropic hormone (ACTH) release as a result of
the acute fall in arterial pressure.
The Valsalva maneuver has been frequently em-
ployed to test the integrity of the autonomic nervous
system [26]. The presence of autonomic dysfunction
in patients with chronic renal failure has been in-
ferred from studies revealing abnormalities of this
maneuver [9, 27], although the "square wave" re-
sponse of cardiac failure was clearly present in some
[9]. Furthermore, an alteration in baroreceptor func-
tion has been previously observed in experimental
renal hypertension in animals [28] and in both normo-
tensive and hypertensive patients on maintenance
hemodialysis [29]. In this study, the hemodynamic
changes during phase II [26] of the maneuver were
similar in normotensive and hypertensive patients.
The changes seen on the l0—mmoles—sodium diet
were similar to those seen in a group of patients with
essential hypertension and normal renal function us-
ing the same techniques [30]. The apparent failure of
peripheral resistance to increase during this maneu-
ver in patients on the 100—mmoles—sodium diet, de-
spite stimulus to the carotid baroreceptors of a fall in
pulse pressure similar to that in the group on the 10—
mmole—sodium diet, is difficult to explain. This differ-
ence may reflect a difference in behavior of barore-
ceptors on the two levels of sodium intake.
Sodium retention and expansion of ECF are well
known to be aggravating factors in the hypertension
of dialysis patients [3, 4, 10, Il, 22, 31]. The manner
in which expansion of ECF increases arterial pressure
was investigated in a small group of anephric patients
by Coleman et al [32] who noted an initial rise in
Fig. 2. Hemodynwnic effects of total autonomic blockade (TAB)
and acute volume expansion (infusion), with continued TAB in four
dialysis patients who were studied on two levels of dietary sodium
intake, /0 mmoles/day and 100 mmoles/day. TPR denotes the total
peripheral resistance: MAP, the mean arterial pressure; SVI, the
stroke volume index; RAP, the right atrial pressure.
cardiac output, followed by a more delayed increase
in peripheral resistance and return of cardiac output
to normal. In contrast, in this study of patients with
retained diseased kidneys, no increase was detected in
peripheral resistance after a 10 to 14 day period on
the lOO-mmole-sodium diet, despite significant
changes in body weight, blood volume, and ECF
volume (Table 3, Fig. I). Guyton [33] has empha-
sized that a prolonged period may be required before
any change in resistance by autoregulation occurs,
and it is possible that our observations were made too
soon after changing dietary sodium and body volume
for changes in resistance to have occurred. Further-
more, the slight fall in hematocrit on the high sodium
intake (Table 3), may also have contributed to the
lack of change in resistance by opposing any poten-
tial increase: anemia has significant effects on both
cardiac output and peripheral resistance, particularly
at these low levels of hematocrit [6, 25].
There have been many reports of high levels of
renin [3, 4], angiotensin II [34], and aldosterone [35]
in dialysis patients whose blood pressure cannot be
controlled with dialysis ultrafiltration and dietary so-
dium restriction; bilateral nephrectomy has been per-
formed to achieve control in these patients [3, 4]. It
has also been suggested that there is an abnormal
body sodium-renin relationship in hypertensive
dialysis patients [34], although the renin-angiotensin
system may not respond normally to volume changes
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Fig. 3. Hemodynamic changes during the Valsalva maneuver in two groups of dialysis patients.
Open circles denote the ten patients on the lO-mmole-sodium diet; closed circles, the six patients
on the lOO-mmole-sodium diet. All values are expressed as percent of resting control values
(mean + SEM).
in patients with chronic renal failure [361. The contri-
bution of the renin-angiotensin system to this form of
hypertension cannot be assessed from this study be-
cause of the small numbers of patients involved. Two
of the eleven hypertensive patients had very high
levels of PRA and plasma aldosterone when on the
low salt diet and both subsequently underwent bilat-
eral nephrectomy to facilitate blood pressure control
in the preparation for renal transplantation. Neither
patient was studied on the high sodium diet. The
other nine hypertensive patients, however, had levels
of PRA, renin substrate, and aldosterone concentra-
tions which were very similar to those of the normo-
tensive patients, and the measurements of blood vol-
ume and sulphate space were also very similar in the
normotensive and hypertensive patients. The recent
development of competitive inhibitors of angiotensin
11 provides an opportunity for a different approach,
which may prove useful in defining the importance of
the renin-angiotensin system in this form of hyperten-
sion [12, 37].
Arterial hypertension in patients on maintenance
hemodialysis appears to be mediated by an increase
in peripheral resistance. This resistance is not affected
by dietary sodium manipulation over a period of 14
days, but can be reduced by "total" autonomic
blockade, without significant alteration in plasma re-
nm levels, to the level seen in normotensive dialysis
patients. In these patients, the increased peripheral
resistance in hypertensives compared to normoten-
sives appears to be due largely to autonomic factors,
in contrast to the estimated high nonautonomic re-
sistance in essential hypertension [201. As a test of
reflex autonomic function, hemodynamic changes
during the Valsalva maneuver in dialysis patients
need to be interpreted with some caution and related
to sodium and fluid balance.
Reprint requests to Dr. D. J. Tiller, Renal Unit, Royal Prince
Alfred Hospital, Camperdown, Sydney 2050, A ustralia.
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